Abstract The suitability of groundwater for irrigation uses was assessed in Alathur Block located in Perambalur District of the state of Tamil Nadu. Groundwater samples from ten villages were analyzed in two seasons for major cations, anions and other parameters such as electrical conductivity, total dissolved solids, Kelly's ratio, sodium absorption ratio (SAR), magnesium ratio, % sodium, chloro-alkaline indices, residual sodium carbonate and permeability index to know the suitability of groundwater for irrigation purpose. Piper trilinear diagram interpretations were made to know the suitability of chemical type of the groundwater. It reveals that the subsurface water is alkaline (Na ? K) than the alkaline earth (Ca ? Mg) type. According to the SAR values plotted in the USSL Staff diagram, most of the groundwater samples belong to class high-salinity hazard and low-sodium hazard (C3-S1) and high-salinity hazard and medium-sodium hazard (C3-S2), which indicate that the groundwater of most stations require a special type of irrigation method.
Introduction
Water is the cheapest and most universally available raw material next to air. Many of the uses of water are based on its unique physical and chemical properties. The utilizable water resource in India is not enough to irrigate the cultivatable area. Hence, efforts are needed to maximize the chances of water for irrigation in agriculture (Sharma 2005) . The water quality is a consequence of the natural, physical and chemical state of the water as well as any alteration that might have accrued as a consequence of anthropogenic activity (Venkateswaran et al. 2011) . Agriculture is a dominant sector in the economic development of India, as it is the source of sustenance for the majority of the population and contributes 46 % of the gross national product (Kumarasamy et al. 2011) . Groundwater is generally considered to be much cleaner than surface water. However, several factors such as discharge of industrial, agricultural and domestic water; land use practices; geological formation; rainfall patterns; and infiltration rate affect the groundwater quality (Patil and Patil 2010) . Once contamination of groundwater in aquifers occurs, it persists for hundreds of years because of their very slow movement.
Geochemical processes in groundwater involve the interaction of country rock with water leading to the development of secondary mineral phases. In recent times, there has been a tremendous increase in the demand for freshwater due to population growth and intense agricultural activities (Janardhana Raju 2007) . One of the interesting aspects of hydrochemistry is the occurrence of water bodies with different water chemistries in very close proximity to each other. The study of states reveals that countries like India and China are moving toward lack of available water and the problem will be compounded by issues of water quality (Shivakumar 2012).
Irrigation is necessary for agricultural production in infertile and semiarid regions where rainfall is not sufficient to uphold crop growth. Irrigated agriculture consumes 60-80 % of the total water usage and contributes nearly 38 % of the global food production. It has played a major role in generating employment opportunities in the rural areas and providing food for low prices for downtrodden people in the urban area (Shahinasi and Kashuta 2008) . There is no documented evidence of the chemical quality of the suitability of groundwater for irrigation purpose in this basin. In this paper, an attempt has been made to evaluate the quality of groundwater for irrigation purpose.
Geology
Perambalur is a centrally located inland district of the state of Tamil Nadu, India, spread over 3,69,007 ha. (Fig. 1) . Gondwana group of rocks is locally developed that consists of clay, sandstone and micaceous sandstone, of age from Upper Jurassic to Lower Cretaceous. This rests unconformably above crystalline rocks. The above types of rocks are found in the area of Karai. The lower Kulakanatham Formation consists of calcareous sandstone and thin bands of shell limestone (http://www.portal.gsi.gov. in). The predominant soil is red loam and black soil. The normal rainfall of the district is 908 mm which is less than 946.4 mm, the normal rainfall of the state. The annual rainfall during the northeast monsoon accounts for 52, 34 % during the southwest monsoon and 14 % in winter and hot weather periods. The groundwater resource is through bore well and tube well. The major crops grown in the district are paddy, groundnut, sugarcane and millets (http://www.perambalur.tn.nic.in/district_profile.htm).
Materials and methods
Groundwater samples were collected during the year 2012 in post-monsoon (January) and pre-monsoon (May) from ten bore wells which are almost uniformly distributed over the study area. The depth of the bore wells varies from 200 to 250 ft. Groundwater samples were analyzed in the laboratory for major cations and anions. pH and electrical conductivity (EC) were measured within a few hours by using Elico pH and conductivity meter, respectively. Ca 2?
and Mg 2? were determined titrimetrically using the standard EDTA method, and chloride was determined by the AgNO 3 titration (Vogel 1968) method. Bicarbonate was estimated with hydrochloric acid, and sulfate was determined by precipitating BaSO 4 using BaCl 2 . Na ? and K
?
were determined using Elico flame photometer (APHA 2005) . To assess the suitability of groundwater for irrigation uses, the following irrigational quality parameters were computed by the following equations:
All the ionic concentrations in the above equation are expressed in meq/L, and %Na and PI in %.
Result and discussion
It is very important to understand the quality of groundwater for various purposes, especially for irrigation. It is very unique, because the rainfall pattern constantly changes due to various factors. Since groundwater quality and quantity are very significant, various methods are applied to reveal the type of water which is discussed below.
Groundwater chemistry
The results of physico-chemical parameters and calculated irrigation water quality parameters are given in Table 1 .
In general, physico-chemical parameters vary seasonally because of rock salts leaching out from the earth crust. The run-off water alters the physico-chemical characteristics. The pH of groundwater samples in the study area ranges from 7.11 to 7.79 and 7.72 to 8.01 in post-and pre-monsoon season, respectively. Electrical conductivity in both the seasons exceeds the permissible limit of 1,000 lS/cm 
Correlation analysis
The correlation coefficient is generally used to measure and establish the relationship between two variables. It is simply used to exhibit how well one variable predicts the other (Kurumbein and Graybill 1965) . The correlation matrix of various variables was prepared for post-monsoon and pre-monsoon ( . Almost all the ions show a negative relation with pH value. The above correlation shows that water belongs to the Ca-Mg type with Cl-SO 4 anions. The correlation coefficient matrix is obtained by using SPSS software version 17.0.
Hydrochemical facies
The geochemical evolution of groundwater can be obtained through Piper (1944) trilinear diagram during pre-and post-monsoon seasons as shown in Fig. 2 . The diagram consists of three different fields, two triangular fields and one diamond-shaped field. Different groundwater types were identified by their position in the diamond field. In pre-monsoon seasons, most of the samples are identified as sodium-chloride (Na-Cl) type, while in post-monsoon season, the majority of the samples are in Ca-Mg-HCO 3 and Na-Cl type. Only one sample in both seasons falls under the calcium chloride (Ca-Cl) type. The above statement reveals that in both the seasons, water is mostly alkaline than alkaline earth. (meq/L)
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Suitability for irrigation use

Total dissolved solids (TDS)
For irrigation purpose, the quality of water depends on the quantity of dissolved salts. Salinity problem occurs if salt accumulates in the root zone, which may significantly affect the quantity of crop production (Jain et al. 2011) . If water uptake is appreciably reduced, the plant growth rate is also reduced. Water with TDS less than 450 mg/L is considered good and that with greater than 2,000 mg/L is unsuitable for agricultural purposes (Westcott and Ayers 1984) . In our study area, TDS ranges from 687 to 3796 mg/ L during the pre-monsoon season. It varies from 873 to 3497 mg/L in the post-monsoon season.
Electrical conductivity (EC)
Water salinity hazards are measured by using EC. If EC is greater than 3,000 lS/cm, then crop productivity is affected very much, and it is good if EC is 250 lS/cm (Westcott and Ayers 1984) . If EC increases, water intake by the plant significantly decreases and, hence, the productivity is also considerably reduced. In our study area, EC varies from 982 to 5,422 lS/cm during the pre-monsoon season and 1,170 to 3,495 lS/cm in the post-monsoon season. Most of the samples having EC greater than 250 lS/cm show moderate-to-low crop productivity in both the seasons. The difference between the values may reflect a wide variation in surface and subsurface environments (Amidi and Amidi 1990) . 
Sodium adsorption ratio (SAR) and USSL diagram
The excessive sodium content in water sample reduces the permeability, and hence, the available water for the plant is reduced. Sodium replacing adsorbed calcium and magnesium is a hazard, as it causes damage to the soil structure resulting in compact and impervious soil (Arveti et al. 2011 ).
The excess of sodium with calcium and magnesium is evaluated by SAR. Irrigation water is classified on the basis of SAR (WHO 1989) . In both the seasons, all the ten samples were in excellent condition. US salinity hazards (USSL 1954) reveal that for water samples in the Alathur Block, most fall under C3-S1 (high-salinity hazard and low-sodium hazard) class and some of them in the C3-S2 (high-salinity hazard and medium-sodium hazard) class, while one sample fell in C4-S1 (Very high-salinity hazard and low-sodium hazard) class in both the seasons (Fig. 3) . Groundwater that is present in the medium-salinity hazard class (C2) can be used in most cases without any special practices for salinity control. The groundwater observed from the zone C3-S1 and C3-S2 is considered to be of moderate quality to irrigate semi-tolerant crops. However, water samples that fall in the high-salinity areas require careful management practices. Very high-salinity water (C4) is not suitable for irrigation under ordinary condition, but it may be used for salt-tolerant plant on permeable soil with special management practice (Khodapanah et al. 2009 ).
Percent sodium (% Na) and Wilcox diagram
For irrigation purpose, the percentage of sodium is important, because sodium reacts with soil to reduce permeability (Janardhana Raju et al. 1992) . The soluble sodium percentage or sodium content is expressed in terms of percentage of sodium. % Na ranges from 32 to 75.5 % in the pre-monsoon season and from 3.5 to 79.5 in the postmonsoon season. The plot of the Wilcox (1948) diagram shows that in the pre-monsoon season, 70 % samples fall under permissible-to-doubtful range, 10 % in permissibleto-suitable and 10 % in good-to-permissible range (Fig. 4) . Post-monsoon season shows that 40 % of the samples are in good-to-permissible range, 40 % in permissible-todoubtful range, 10 % in permissible-to-unsuitable and 10 % in unsuitable range as shown in the Fig. 4 . The presence of excess of sodium causes most of the samples to be in the permissible-to-doubtful ranges and restrict air and water circulation in the soil during the wet condition (Collins and Jerkins 1996; Saleh et al. 1999) .
Permeability index (PI)
Continuous usage of water for irrigation will affect the permeability quality of the soil. It is influenced by Na, Ca, Mg and HCO 3 contents in soil. Doneen (1964) has shown the suitability of water for irrigation based on the permeability index (PI). According to PI values, the groundwater of both seasons in the study area in most of the stations falls under class II (25-75 %). All the samples fall in class II, except that samples from three stations in the pre-monsoon and two in the post-monsoon fall under class I ([75 %) as classified by (Ragunath 1982) on the basis of USSL diagram and Donnen's chart. The groundwater in our study area is generally suitable for irrigation.
Chloro-alkaline indices (CAI)
Finding out the changes brought about in the chemical composition of groundwater during its travel underground is essential (Sastri 1994) . The ion exchange between the groundwater and its environment during residence or travel has been studied by Schoeller (1967) . In both seasons, most of the samples have negative values except one which shows a positive value. If CAI is negative, there will be an exchange between Na ? K with calcium and magnesium (Ca ? Mg) in rocks. If the ratio is positive, there is no base change in CAI. Most of the values in CAI I are negative and one value is positive in both the seasons. The positive value indicates the absence of base exchange. The negative value of the ratio indicates base exchange between sodium and potassium in water with calcium and magnesium in the rocks. Residual sodium carbonate (RSC) RSC values were calculated to determine the hazardous effect of CO 3 and HCO 3 on the water quality for agricultural purpose (Eaton 1950; Richards 1954) . According to USSL diagram, an RSC value \1.25 meq/L is probably safe for irrigation. If it is [2.5 meq/L, it is not suitable for irrigation. In our study area, in post-monsoon, 80 % places were safe, 10 % of places are marginal and 10 % are unsuitable. In the pre-monsoon season, all the values fall in the safe zone. These studies show that one sample is unsuitable for irrigation, because of the low permeability of the soil during the post-monsoon season. This shows that there must be localized and seasonal pollution which reduce the crop yield in that area.
Kelley's ratio (KR) (Kelly 1951) has suggested that the sodium problem in irrigation water could be very conveniently worked on the basis of the values of Kelly's ratio. In general, groundwater with Kelly's ratio greater than one is unfit for irrigation. Kelly's ratio is calculated for our study area which ranges from 0.25 to 2.14 meq/L in the post-monsoon season, whereas it is 0.34 to 3.87 meq/L in the pre-monsoon season. The stations that have more than one of Kelly's ratio are unfit for irrigation.
Magnesium ratio (MR)
Excess of magnesium in the soil easily affects the crop yield. In both the seasons, magnesium value is greater than the permissible limit except few stations and ranges from 18.14 to 14.12 meq/L in the pre-monsoon and 29.81 to 40.00 meq/L in the post-monsoon season. MR [50 is considered harmful and unsuitable for irrigation purposes. High magnesium ratio may be due to the passage of surface water and subsurface water through limestone, Kankar and granite rock formation in the study area (Pandian and Sankar 2007) .
Conclusion
In the present study, the assessment of groundwater for irrigation has been evaluated by the standard guidelines.
Piper trilinear diagram interpretation reveals that the subsurface water is alkaline (Na ? K) in nature which exceeds the alkaline earth (Ca ? Mg) type. Most of the samples fall under Class II in PI calculation, revealing that most of the stations are suitable for irrigation. The Wilcox classification as observed in both the seasons shows that samples from most of the stations fall under permissible-to-doubtful range except the that from station Siruganbur which is not suitable for irrigation under ordinary conditions. USSL diagram also reveals that most of the stations show highsalinity hazards where Siruganbur does not fall into any of the classes. The study reveals that most of the stations require special type of irrigation methods to control the high salinity that will improve the yield of crop production.
